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The Naval Postgraduate School Operations Research (OR) program is a world-class curriculum designed to 
teach students the science of helping people and organizations make better decisions.  
 This science is necessary in today’s increasingly complex operating environment in which officers and 
managers must respond quickly to a vast array of demands while also weighing the options and 
consequences of each into his or her final decision. OR offers a scientific approach through the use of many 
tools and techniques in order to assist an individual in his or her decision making process. 
 The military specifically uses OR at the strategic, operational, and tactical levels. OR applications 
cover the gamut of military activities including: National policy analysis, resource allocation, force 
composition and modernization, logistics, human resources, battle planning, flight operations scheduling, 
intelligence, command and control, weapon selection, engagement tactics, maintenance and replenishment, 
and search and rescue.  
 The Department of Operations Research mission is: 
! To educate analysts who are fully capable of conducting independent analytical studies of military 
problems, and have an educational basis for continued learning and development. 
! To provide the United States government and our allies with military officers who have a 
comprehensive knowledge of military operations research, and who can perform and manage 
quantitative analysis of operational and other Defense problems. 
! To provide operations research and general analysis support to the Department of Defense (DoD). 





! Modeling, Virtual Environments, and Simulation (MOVES) 
! Electronic Warfare Systems International 
! Information Systems and Operations 
! Information Systems Technology 
! Information Warfare 
! Joint C4I 
! Intelligence Information Management 
! Naval/Mechanical Engineering 
! Operations Analysis 
! Operational Logistics 
! Advanced Science (Applied Mathematics) 
! Product Development 21 
! Space Systems Operations International 
! Space Systems Operations 
! Systems Engineering/Integration 
! Manpower Systems Analysis 
! Undersea Warfare 





! Master of Science in Operations Research 
! Master of Science in Applied Science 




















! Probability and Stochastic Processes 
! Optimization 
! Statistics and Data Analysis 
! Human Factors and Systems Integration 
! Simulation and War Gaming 





! Chair for Manpower Modeling 
! Chair of Applied Systems Analysis 





! Secure Computing and Simulation Lab (WARLAB) 
! Optimization Lab 
! Human Systems Integration Laboratory (HISL) 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $92 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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INTERDISCIPLINARY APPLIED STATISTICAL RESEARCH 
David H. Annis, Assistant Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: The research completed a number of works in progress. These projects included object 
ranking methods based on paired comparison data, characterization and improvement of antibacterial 
susceptibility testing, alternative methods for determining probability of detection (POD) of material 
anomalies, and probabilistic modeling of fatigue life.  
 
 
EXTENSIBLE ANALYST TOOLKIT FOR MILITARY PLANNING SYSTEMS 
Gordon H. Bradley, Professor 
Department of Operations Research 
Arnold H. Buss, Research Assistant Professor 
MOVES Institute (Modeling, Virtual Environments, and Simulation) 
Sponsor: Air Force Office of Scientific Research 
 
OBJECTIVES: To design and develop an architecture for dynamic map-based military planning 
applications using new platform-independent software technology. The toolkit will be a collection of 
components that support the rapid construction of map-based military planning systems. The existing 
components for map and image display, network modeling, and optimization algorithms will be augmented 
by components to support large-scale optimization and to construct hierarchical optimization models. This 
is a continuing research project.  
 
SUMMARY: The research has designed and developed an Extensible Analyst Toolkit, called the “NPS 
Incident Analysis System” that has been demonstrated by constructing a map-based planning system for 
dynamic military analysis. The architecture coordinates a collection of components. The system accesses 
and displays data, maps, overlays, algorithms, and other information. The components perform tasks such 
as: displaying maps, satellite images, and overlays; accessing, entering, and modifying data; constructing 
and displaying models of military operations; and accessing and executing algorithms to analyze 
operations. An XML language, NaGML, was developed to display, animate and analyze incident data from 




Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” The Next Wave in 
Computing, Optimization and Decision Technologies, B.L. Golden, S. Raghavan and E.A. Wasil (Eds.), 




Bradley, G., “Network and Graph Markup Language (NaGML),” Institute for Operations Research and the 
Management Sciences (INFORMS) Annual Meeting, Denver, CO, 24-27 October 2004. 
 
Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” Ninth Institute for 
Operations Research and the Management Sciences (INFORMS) Computing Society Conference (ICS 
2005), Annapolis, MD, 4-7 January. 
 
Bradley, G., “Tutorial: Network and Graph Project - Open Source Tools for Network Analysis and 
Algorithms,” Ninth Institute for Operations Research and the Management Sciences (INFORMS) 
Computing Society Conference (ICS 2005), Annapolis, MD, 4-7 January. 
 
Bradley, G. and Schneider, P., “Dynamic Display of Insurgency Incidents from Operation Iraqi Freedom,” 
72nd Military Operations Research Society (MORS) Symposium, Monterey, CA, 22-24 June 2004. 







Bradley, G., “Network and Graph Markup Language (NaGML) - Data File Formats,” Naval Postgraduate 




Project Monterey: An extensible optimization toolkit to support real-time and near real-time military 
decision-making using network models based on the Loosely Coupled Components Architecture (LCCA). 
 





Schneider, P., “Dynamic Incident Display and Change Point Detection in Counterinsurgency Operations,” 
Master’s Thesis, Naval Postgraduate School, September 2004. (Restricted to U. S. Government agencies 
and their contractors.) 
 




Gordon H. Bradley, Professor 
Gerald Brown, Distinguished Professor 
R. Kevin Wood, Professor 
Department of Operations Research 
Sponsor: Office of Naval Research 
 
OBJECTIVES: To develop a stochastic network-interdiction model to address the classic military 
problem of “delaying the enemy,” a new attacker-defender model for locating AEGIS battle groups for 
theater ballistic missile defense, and an Extensible Markup Language (XML)-based language for 
representing network and graph optimization problems; this will be integrated into the component 
architecture for map-based military planning systems. This is a continuing research project. 
 
SUMMARY: Near-shortest-path enumeration has been combined with Lagrangian relaxation to yield an 
algorithm for constrained shortest paths that is orders of magnitude faster than its competitors. 
Implemented and demonstrated a two-sided optimization, based on interdiction theory, where the attacker 
(e.g., North Korea) optimally fires ballistic missile salvos at a set of targets of interest to the United States 
(e.g., Japanese cities), and the Joint Defender optimally outfits and pre-positions defensive interceptor 
platforms in anticipation of such an attack. The prototype mimics what is now done for the U.S. Navy by a 
system using outright enumeration on a large server farm; a provably optimal solution was produced on a 
laptop in minutes. Another part of this research extended a toolkit of methods to quickly construct graph 
and network algorithms. The algorithms were integrated into a dynamic map-based military planning 
system. An XML language, NaGML was developed for networks and graphs; this was used to display, 




Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” The Next Wave in 
Computing, Optimization and Decision Technologies, B.L. Golden, S. Raghavan and E.A. Wasil (Eds.), 
New York: Springer-Verlag, pp. 249-266, 2005. 
 





Brown, G., “Top Ten Secrets to Success with Optimization,” PHALANX, Vol. 37, No. 4, p. 12, 2004.  
 
Brown, G., Carlyle, M., Diehl, D., Kline, J., and Wood, K., “A Two-sided Optimization for Theater 
Ballistic Missile Defense,” Operations Research, 2004, (to appear). 
 
Brown, G., Carlyle, M., Harney, R., Skroch, E., and Wood, K., “How to Optimally Interdict a Belligerent 
Project to Develop a Nuclear Weapon,” 2004, (in review).  
 
Brown, G., Carlyle, M., Royset, J., and Wood, K., “On the Complexity of Delaying an Adversary’s 
Project,” The Next Wave in Computing, Optimization and Decision Technologies, B.L. Golden, S. 
Raghavan, and E.A. Wasil (Eds.), New York: Springer-Verlag, pp. 3-17, 2005. 
 
Brown, G., Carlyle, M., Salmeron, J., and Wood, K., “Defending Critical Infrastructure,” White Paper, 
2004. 
 
Brown, G., Grose, R., and Koyak, R., “Scheduling a Long-Term, High-Technology, High-Risk Project with 
Task Durations and Costs that May Increase Over Time,” 2004, (in review). 
 
Carlyle, M. and Wood, K., “Near-Shortest and K Shortest Simple Paths,” Networks, 2005, (to appear). 
 
Salmeron, J., Wood, K., and Baldick, R., “Analysis of Electric Grid Security Under Terrorist Threat,” IEEE 
Transactions on Power Systems, Vol. 19-2, pp. 905-912, 2004.  
 
Silva, E. and Wood, K., “Solving a Class of Stochastic Mixed-Integer Programs with Branch and Price,” 
2004, (in review). 
 
Singh, K., Philpott, A., and Wood, K., “Column Generation for Design of Survivable Electricity 




Bradley, G., “Network and Graph Markup Language (NaGML),” Institute for Operations Research and the 
Management Sciences (INFORMS) Annual Meeting, Denver, CO, 24-27 October 2004. 
 
Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” Ninth Institute for 
Operations Research and the Management Sciences (INFORMS) Computing Society Conference (ICS 
2005), Annapolis, MD, 4-7 January. 
 
Bradley, G., “Tutorial: Network and Graph Project - Open Source Tools for Network Analysis and 
Algorithms,” Ninth Institute for Operations Research and the Management Sciences (INFORMS) 
Computing Society Conference (ICS 2005), Annapolis, MD, 4-7 January. 
 
Bradley, G. and Schneider, P., “Dynamic Display of Insurgency Incidents from Operation Iraqi Freedom,” 
72nd Military Operations Research Society (MORS) Symposium, Monterey, CA, 22-24 June 2004. 
(SECRET), (Barchi Prize Nominee). 
 
Brown, G., Carlyle, M., Royset, J., and Wood, K., “On the Complexity of Delaying an Adversary’s 
Project,” Ninth Institute for Operations Research and the Management Sciences (INFORMS) Computing 
Society Conference, Annapolis, MD, 4-7 January 2005. 
 
Brown, G., Carlyle, M., Salmeron, J., and Wood, K., “Attacking and Defending Critical Infrastructure,” 
72nd Military Operations Research Society (MORS) Symposium, Monterey, CA, 22-24 June 2004. 
 
Brown, G., Carlyle, M., Salmeron, J., and Wood, K., “Identifying Vulnerabilities in Critical Infrastructure,” 





Brown, G., Carlyle, M., Harney R., Skroch, E., and Wood, K., “How to Optimally Interdict a Belligerent 
Project to Develop a Nuclear Weapon,” 72nd Military Operations Research Society (MORS) Symposium, 
Monterey, CA, 22-24 June 2004, (Barchi Prize Nominee). 
 
Brown, G., Grose, R., and Koyak, R., “Scheduling a Long-Term, High-Technology, High-Risk Project with 
Task Durations and Costs that May Increase Over Time,” ODS-PA&E Cost Analysis Interest Group 
(CAIG), Williamsburg, VA, 16-18 February 2005. 
 
Harrison, T., Carlyle, M., Brown, G., Salmeron, J., and Wood, K., “Designing Robust Supply Chains and 
Hardening the Ones You Have,” 2004 Institute for Operations Research and the Management Sciences 
(INFORMS) Conference on Operations Research/Management Science (OR/MS) Practice, Cambridge, 
MA, 25-27 April 2004. 
 
Salmeron, J., Wood, K., and Baldick, R., “Electric Power-Grid Vulnerability: Where Can Terrorists Hurt 
You the Most?” Winter Workshop, Electric Power Optimization Center, University of Auckland, New 
Zealand, 14 July 2004. 
 
Sanchez, S. and Wood, K., “The BEST Algorithm for Stochastic Mixed-Integer Programs: Bootstrapping 
to Make It Better,” Operations Research Society of New Zealand, Annual Meeting, University of 
Auckland, New Zealand, 28-29 November 2004. 
 
Silva, E. and Wood, K., “Solving a Stochastic Facility-Location Problem by Branch and Price,” Tenth 
International Conference on Stochastic Programming, Tucson, AZ, 12-15 October 2004. 
 
Singh, K., Philpott, A., and Wood, K., “Column Generation for Solving a Stochastic Capacity-Expansion 
Model for Electric Power Distribution,” Tenth International Conference on Stochastic Programming, 
Tucson, AZ, 12-15 October 2004. 
 
Wood, K., Carlyle, M., and Royset, J., “Lagrangian Relaxation and Enumeration for Solving Constrained 
Shortest-Path Problems,” Optimization and Transportation Scheduling, National Park, New Zealand, 8-10 
September 2004. 
 
Wood, K., Held, H., and Woodruff, D., “Delaying an Adversary in a Stochastic Network,” Tenth 




Bradley, G., “Network and Graph Markup Language (NaGML) - Data File Formats,” Naval Postgraduate 
School Technical Report, NPS-OR-04-007, June 2004. 
 
Brown, G., Dell, R., and Newman, A., “Optimization-Based Military Capital Planning,” Naval 
Postgraduate School Technical Report, NPS-OR-04-002, October 2004. 
 
Brown, G. and Washburn, A.R., “The Fast Theater Model (FATHM),” Naval Postgraduate School Project 




Avital, I., “Chance-Constrained Missile-Procurement and Deployment Models for Naval Surface Warfare,” 
Ph.D. Dissertation, Naval Postgraduate School, March 2005, (expected). 
 
Diehl, D., “How to Optimize Joint Theater Ballistic Missile Defense,” Master’s Thesis, Naval Postgraduate 





Schneider, P., “Dynamic Incident Display and Change Point Detection in Counterinsurgency Operations,” 
Master’s Thesis, Naval Postgraduate School, September 2004. (Restricted to U. S. Government agencies 
and their contractors.) 
 
Silva, E.G., “Improving Branch-and-Price Algorithms and Applying Them to Stochastic Programs,” Ph.D. 
Dissertation, Naval Postgraduate School, September 2004. 
 
Singh, K., “Column Generation for Stochastic Capacity Expansion Models,” Ph.D. Dissertation, 
Engineering Science, University of Auckland, June 2005, (expected). 
 
Skroch, E., “How to Optimally Interdict a Belligerent Project to Develop a Nuclear Weapon,” March 2004. 
 




Gerald Brown, Distinguished Professor 
R. Kevin Wood, Professor 
Department of Operations Research 
Sponsor: Air Force Office of Scientific Research 
 
OBJECTIVES: This annual proposal for continued support of this research program in large-scale 
optimization includes two, main, short-term topics: Development and implementation of (a) new 
techniques for solving constrained shortest-path problems, with applications to the routing of military 
aircraft, and (b) extensions of interdiction models to game-theoretic situations. 
 
SUMMARY: Developed and tested a new algorithm for enumerating near-min-weight cuts in directed 
networks. Lagrangian-based algorithms employing this basic technology for solving network interdiction 
problems have proven themselves to be orders of magnitude faster than conventional methods. Researchers 
also developed, fully implemented, and demonstrated a project-management tool describing how a 
belligerent nation can expedite development of a first uranium fission weapon, and showed how to 
optimally impede, embargo, interdict, or attack key activities to maximize the delay in completing such a 




Brown, G., “How To Write About Operations Research,” PHALANX, Vol. 37, No. 3, p. 7, 2004.  
 
Brown, G., “Top Ten Secrets to Success With Optimization,” PHALANX, Vol. 37, No. 4, p. 12, 2004.  
 
Brown, G., Grose, R., and Koyak, R., “Scheduling a Long-Term, High-Technology, High-Risk Project with 
Task Durations and Costs that May Increase Over Time,” 2004, (in review). 
 
Brown, G., Carlyle, M., Royset, J., and Wood, K., “On the Complexity of Delaying an Adversary’s 
Project,” The Next Wave in Computing, Optimization and Decision Technologies, B.L. Golden, S. 
Raghavan, and E.A. Wasil (Eds.), New York: Springer-Verlag, pp. 3-17, 2005. 
 
Brown, G., Carlyle, M., Salmeron, J., and Wood, K., “Defending Critical Infrastructure,” White Paper, 
2004. 
 
Brown, G., Carlyle, M., Diehl, D., Kline, J., and Wood, K., “A Two-sided Optimization for Theater 
Ballistic Missile Defense,” Operations Research, 2004, (to appear). 
 
Brown, G., Carlyle, M., Harney, R., Skroch, E., and Wood, K., “How to Optimally Interdict a Belligerent 





Carlyle, M. and Wood, K., “Near-Shortest and K Shortest Simple Paths,” Networks, 2005, (to appear). 
 
Salmeron, J., Wood, K., and Baldick, R., “Analysis of Electric Grid Security Under Terrorist Threat,” IEEE 
Transactions on Power Systems, Vol. 19-2, pp. 905-912, 2004.  
 
Silva, E. and Wood, K., “Solving a Class of Stochastic Mixed-Integer Programs with Branch and Price,” 
2004, (in review). 
 
Singh, K., Philpott, A., and Wood, K., “Column Generation for Design of Survivable Electricity 




Bradley, G., “Network and Graph Markup Language (NaGML),” Institute for Operations Research and the 
Management Sciences (INFORMS) Annual Meeting, Denver, CO, 24-27 October 2004. 
 
Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” Ninth Institute for 
Operations Research and the Management Sciences (INFORMS) Computing Society Conference (ICS 
2005), Annapolis, MD, 4-7 January. 
 
Bradley, G., “Tutorial: Network and Graph Project - Open Source Tools for Network Analysis and 
Algorithms,” Ninth Institute for Operations Research and the Management Sciences (INFORMS) 
Computing Society Conference (ICS 2005), Annapolis, MD, 4-7 January. 
 
Bradley, G. and Schneider, P., “Dynamic Display of Insurgency Incidents from Operation Iraqi Freedom,” 
72nd Military Operations Research Society (MORS) Symposium, Monterey, CA, 22-24 June 2004. 
(SECRET), (Barchi Prize Nominee). 
 
Brown, G., Carlyle, M., Royset, J., and Wood, K., “On the Complexity of Delaying an Adversary’s 
Project,” Ninth Institute for Operations Research and the Management Sciences (INFORMS) Computing 
Society Conference, Annapolis, Maryland, 4-7 January 2005. 
 
Brown, G., Carlyle, M., Salmeron, J., and Wood, K., “Attacking and Defending Critical Infrastructure,” 
72nd Military Operations Research Society (MORS) Symposium, Monterey, CA, 22-24 June 2004. 
 
Brown, G., Carlyle, M., Salmeron, J., and Wood, K., “Identifying Vulnerabilities in Critical Infrastructure,” 
Mayor’s Technology Summit, Washington, D.C., 7-8 October 2004.  
 
Brown, G., Carlyle, M., Harney R., Skroch, E., and Wood, K., “How to Optimally Interdict a Belligerent 
Project to Develop a Nuclear Weapon,” 72nd Military Operations Research Society (MORS) Symposium, 
Monterey, CA, 22-24 June 2004, (Barchi Prize Nominee). 
 
Brown, G., Grose, R., and Koyak, R., “Scheduling a Long-Term, High-Technology, High-Risk Project with 
Task Durations and Costs that May Increase Over Time,” ODS-PA&E Cost Analysis Interest Group 
(CAIG), Williamsburg, VA, 16-18 February 2005. 
 
Harrison, T., Carlyle, M., Brown, G., Salmeron, J. and Wood, K., 2004, “Designing Robust Supply Chains 
and Hardening the Ones You Have,” 2004 Institute for Operations Research and the Management Sciences 
(INFORMS) Conference on Operations Research/Management Science (OR/MS) Practice, Cambridge, 
Massachusetts, 25-27 April. 
 
Salmeron, J., Wood, K., and Baldick, R., “Electric Power-Grid Vulnerability: Where Can Terrorists Hurt 
You the Most?” Winter Workshop, Electric Power Optimization Center, University of Auckland, New 





Sanchez, S. and Wood, K., “The BEST Algorithm for Stochastic Mixed-Integer Programs: Bootstrapping 
to Make It Better,” Operations Research Society of New Zealand, Annual Meeting, University of 
Auckland, New Zealand, 28-29 November 2004. 
 
Silva, E. and Wood, K., “Solving a Stochastic Facility-Location Problem by Branch and Price,” Tenth 
International Conference on Stochastic Programming, Tucson, AZ, 12-15 October 2004. 
 
Singh, K., Philpott, A., and Wood, K., “Column Generation for Solving a Stochastic Capacity-Expansion 
Model for Electric Power Distribution,” Tenth International Conference on Stochastic Programming, 
Tucson, AZ, 12-15 October 2004. 
 
Wood, K., Carlyle, M., and Royset, J., “Lagrangian Relaxation and Enumeration for Solving Constrained 
Shortest-Path Problems,” Optimization and Transportation Scheduling, National Park, New Zealand, 8-10 
September 2004. 
 
Wood, K., Held, H., and Woodruff, D., “Delaying an Adversary in a Stochastic Network,” Tenth 




Brown, G., Dell, R., and Newman, A., “Optimization-Based Military Capital Planning,” Naval 




Avital, I., “Chance-Constrained Missile-Procurement and Deployment Models for Naval Surface Warfare,” 
Ph.D. Dissertation, Naval Postgraduate School, March 2005, (expected). 
 
Diehl, D., “How to Optimize Joint Theater Ballistic Missile Defense,” Master’s Thesis, Naval Postgraduate 
School, March 2004. 
 
Silva, E.G., “Improving Branch-and-Price Algorithms and Applying Them to Stochastic Programs,” Ph.D. 
Dissertation, Naval Postgraduate School, September 2004. 
 
Singh, K., “Column Generation for Stochastic Capacity Expansion Models,” Ph.D. Dissertation, 
Engineering Science, University of Auckland, June 2005, (expected). 
 
Skroch, E., “How to Optimally Interdict a Belligerent Project to Develop a Nuclear Weapon,” March 2004. 
 




Gerald Brown, Distinguished Professor 
R. Kevin Wood, Professor 
Department of Operations Research 
Sponsor: Joint Warfare Analysis Center 
 
OBJECTIVES: To develop models and mathematical programming techniques to solve several versions 
of the following network interdiction problem: A “network user” wishes to route supplies of various 
commodities through a network in order to meet prioritized demands for those commodities at known 
locations. Using limited interdiction assets, what is the most efficient way to interdict the network so as to 
maximize priority-weighted unmet demand for the network user? 
 
SUMMARY: Developed Lagrangian-based algorithms to solve a max-flow network-interdiction problem 




conducted on interdicting a multi-commodity naval deployment, with the purpose of identifying 
vulnerabilities in U.S. deployments. In related work, researchers implemented a project-management tool 
describing how a belligerent nation can expedite development of a first uranium fission weapon, and 
showed how to optimally impede, embargo, interdict, or attack key activities to maximize the delay in 




Brown, G., Dell, R., and Newman, A., “Optimization-Based Military Capital Planning,” Naval 




Avital, I., “Chance-Constrained Missile-Procurement and Deployment Models for Naval Surface Warfare,” 
Ph.D. Dissertation, Naval Postgraduate School, March 2005, (expected). 
 
Diehl, D., “How to Optimize Joint Theater Ballistic Missile Defense,” Master’s Thesis, Naval Postgraduate 
School, March 2004. 
 
Koprowski, P., “Interdicting a Time-Phased Force Deployment (TPFDD): Two-Sided Optimization of 
Asset Selection, Lift Scheduling, and Multi-Commodity Load Planning,” Master’s Thesis, Naval 
Postgraduate School, March 2005, (expected). 
 
Silva, E.G., “Improving Branch-and-Price Algorithms and Applying Them to Stochastic Programs,” Ph.D. 
Dissertation, Naval Postgraduate School, September 2004. 
 
Singh, K., “Column Generation for Stochastic Capacity Expansion Models,” Ph.D. Dissertation, University 
of Auckland, June 2005, (expected). 
 
Skroch, E., “How to Optimally Interdict a Belligerent Project to Develop a Nuclear Weapon,” Master’s 
Thesis, Naval Postgraduate School, March 2004. 
 
KEYWORDS: Integer Programming, Stochastic Programming, Dynamic Planning, Network Optimization 
 
 
DESIGN AND ANALYSIS OF SIMULATION FOR ADVANCED JOINT C4ISR NODE 
Samuel E. Buttrey, Associate Professor 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: U.S. Joint Forces Command 
 
 
COMBAT LOGISTICS FORCE (CLF) FLEET SIZE, COMPOSITION AND EMPLOYMENT 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: Chief of Naval Operations 
 
OBJECTIVES: To develop an optimization-based decision support system for combat logistics force 
(CLF) assessment, in support of emerging fleet needs such as developing logistical concepts of operation 
(CONOPS) for seabasing, CLF fleet restructuring, CLF ship replacement, etc. 
 




LARGE-SCALE NETWORK ALGORITHMS 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: National Security Agency  
 
SUMMARY: Provided support for student thesis tours at the National Security Agency (NSA), provided 
support for Naval Postgraduate School (NPS) faculty to visit NSA to deliver presentations on current 
research, and completed work on an extension of a cut-enumeration algorithm to solve a network diversion 
problem. 
 
KEYWORDS: Algorithms, Network Diversion 
 
 
NAVY-BFSA: NAVY BLUE FORCES SITUATIONAL AWARENESS 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: Chief of Naval Operations (N815E5) 
 
OBJECTIVES:  To construct a model for optimally allocating a budget to minimize the vulnerability of 
friendly forces to friendly fire. 
 
KEYWORDS: BFSA, Blue Forces 
 
 
NETWORK INTERDICTION FOR INFORMATION OPERATIONS 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: National Security Agency 
 
 
SUPER-VALID INEQUALITIES IN ENUMERATIVE METHODS FOR COMBINATORIAL 
OPTIMIZATION  
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School  
 
OBJECTIVES: To develop effective solution procedures for combinatorial optimization problems that 
employ “super-valid” inequalities to dramatically reduce the amount of enumeration required to determine 
an optimal solution.  
 
KEYWORDS: Optimization Problems, Super-Valid Inequalities 
 
 
TACMEMO DEVELOPMENT: NON-ACOUSTIC ANTI-SUBMARINE WARFARE (NAASW) 
Jeffrey Crowson, Assistant Professor 
Department of Operations Research 
Matthew Boensel, Lecturer 
Department of Systems Engineering 
Sponsor: Naval Warfare Development Command 
 
OBJECTIVES: To construct a tactical memorandum for fleet use regarding the conduct of non-acoustic 
anti-submarine warfare (NAASW). This research responds to a request made by Commander, Fleet 
Reconnaissance Wing Pacific through the Naval Warfare Development Command. The Naval Postgraduate 
School (NPS) will conduct analysis of NAASW with special consideration given to the effectiveness of 
current tactics and new tactical procedures. The data and results will be made available for future use by 





SUMMARY: The focus of this research was in two primary areas; first, what measures of effectiveness 
can be associated with the tactical process, what is the effectiveness of the current tactic, and what tactic(s) 
may be recommended to improve effectiveness? Second, is there a way that operational forces can 
determine, in situ, the probable effectiveness of the tactics employed given parameters of search sensors, 
environment, and target characteristics? For tactical measures of effectiveness, agent based modeling was 
developed with a goal of determining expected time to first detection. For real-time updating of tactical 
effectiveness, a spreadsheet model of sensor performance was developed that users may update with 
changing conditions. The research will result in a tactical memorandum to be published in 2005.  
 
DoD KEY TECHNOLOGY AREA: Modeling and Simulation 
 
KEYWORDS: Non-Acoustic Anti-Submarine Warfare 
 
 
THIRD FLEET DESK SUPPORT 
Jeffrey Crowson, Assistant Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
 
OPTIMIZATION MODELS FOR INSTALLATION MANAGEMENT 
Robert F. Dell, Associate Professor  
Department of Operations Research  
Sponsor: U.S. Army, Assistant Chief of Staff for Installation Management 
  
OBJECTIVES: To develop optimization models to assist with installation management. 
 
SUMMARY: The investigator provided research, support, and development of optimization models to 
assist the Army’s Assistant Chief of Staff for Installation Management. The integer-linear programs Budget 
Allocation for Environmental Cleanup (BAEC) and Base Realignment and Closure Action Scheduler 
(BRACAS) were the primary 2004 development effort. The Army’s Base Realignment and Closure Office 
used BAEC to help plan over $600 million in environmental cleanup. BRACAS was revised for use to be 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimizing Military Capital Planning,” INTERFACES, 34, 




Dell, R., “Base Realignment and Closure Action Scheduler (BRACAS),” 72nd Military Operations 
Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Ewing, P. and Dell, R., “The Optimally Stationing of Army Forces Model (OSAF),” 72nd Military 
Operations Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Olwell, D., Dell, R., Meagher, M., and Regnier, E., “Low-Level Environmental Clean-Up Cost Modeling,” 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimization-Based Military Capital Planning,” Naval 







Al Romaihi, M.M., “Scheduling Army Base Realignment and Closure,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
Kasimoglu, F., “An Integer Linear Program to Schedule an Army Installation's Maneuver Training,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Meagher, M., “A Low-Resolution Cost Model for Environmental Restoration of Closing Army 
Installations,” Master’s Thesis, Naval Postgraduate School, March 2004. 
 
KEYWORDS: BRAC, Capital Budgeting, Optimization, Mixed Linear Integer Programming Application 
 
 
OPTIMIZATION AND STATISTICAL MODELS FOR THE ARMY BASING STUDY  
Robert F. Dell, Associate Professor  
Department of Operations Research  
David H. Olwell, Senior Lecturer  
Department of Systems Engineering  
Sponsor: U.S. Army, Army Basing Study 
 
OBJECTIVES: To develop optimization models to assist with base realignment and closure. 
 
SUMMARY: The investigators provided continuing research, support, and development of optimization 
and statistical models for the Army Basing Study. The primary 2004 development effort was a statistical 
model to estimate the environmental restoration costs of proposed closures, the Optimally Stationing Army 
Forces (OSAF) integer linear program, and the Base Realignment and Closure Action Scheduler 
(BRACAS) integer linear program. The Army used OSAF and BRACAS to help decide its recommended 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimizing Military Capital Planning,” INTERFACES, 34, 




Dell, R., “Base Realignment and Closure Action Scheduler (BRACAS),” 72nd Military Operations 
Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Ewing, P. and Dell, R., “The Optimally Stationing of Army Forces Model (OSAF),” 72nd Military 
Operations Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Olwell, D., Dell, R., Meagher, M., and Regnier, E., “Low-Level Environmental Clean-Up Cost Modeling,” 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimization-Based Military Capital Planning,” Naval 




Al Romaihi, M.M., “Scheduling Army Base Realignment and Closure,” Master’s Thesis, Naval 





Kasimoglu, F., “An Integer Linear Program to Schedule an Army Installation's Maneuver Training,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Meagher, M., “A Low-Resolution Cost Model for Environmental Restoration of Closing Army 
Installations,” Master’s Thesis, Naval Postgraduate School, March 2004. 
 
KEYWORDS: BRAC, Capital Budgeting, Optimization, Mixed Linear Integer Programming Application 
 
 
CENTER FOR NAVAL ANALYSES (CNA)/NAVAL POSTGRADUATE SCHOOL ANALYSIS 
INITIATIVE 
James N. Eagle, Professor 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Supported an Intergovernmental Personnel Act (IPA) between the Naval Postgraduate 
School (NPS) and the Center for Naval Analyses (CNA) for Dr. Greg Cox. Dr. Cox collaborated on 
research of mutual interest to the parties and the Department of the Navy (DoN). 
 
 
PROPOSAL TO APPLY OPERATIONS ANALYSIS FOR FORCENET (FN) DESIGN AND 
OPERATIONS 
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor  
Department of Operations Research 
Sponsors: Cebrowski Institute and the Center for Defense Technology and Education for the 
Military Services (CDTEMS)  
 
OBJECTIVES: To evaluate operational benefits and risks of FORCEnet architectures relative to a 
centralized command and control architecture.  
 
SUMMARY: Models were developed to evaluate FORCEnet architectural and operational control 




Gaver, D.P., Jacobs, P.A., and Kao, C.-C., “Dynamic Adaptive Epidemic Models for Peer-to-Peer Network 
Access,” Proceedings of the 12th International Conference on Telecommunication Systems- Modeling and 




Gaver, D.P., Jacobs, P.A., and Kao, C.-C., “Dynamic Adaptive Epidemic Models for Peer-to-Peer Network 
Access,” 12th International Conference on Telecommunication Systems- Modeling and Analysis, Naval 




Glazebrook, K.D., Mitchell, H.M., Gaver, D.P., and Jacobs, P.A., “The Analysis of Shooting Problems via 




Gaver, D.P., Jacobs, P.A., Samorodnitsky, G., and Glazebrook, K., “Modeling and Analysis of Uncertain 





Samorodnitsky, G., Gaver, D.P., and Jacobs, P.A., “Choosing the Best Customer to Serve and the Ratio 




Brickner, W., “An analysis of the Kill Chain for Time Sensitive Strike,” Master’s Thesis, Naval 
Postgraduate School, 2005, (expected). 
 
Kao, C.-C., “Network-Centric Command and Control with Peer-to-Peer Communication in Time Critical 
Targeting,” Master’s Thesis, Naval Postgraduate School, 2005, (expected). 
 
DoD KEY TECHNOLOGY AREAS: Human-System Interface, Modeling and Simulation  
 
KEYWORDS: Combat Models, Bayesian Perception Updating, Decision Analysis  
 
 
RESOURCE SCHEDULING TOOLS FOR HOMELAND DEFENSE OPERATIONS: 
EMERGENCY MEDICAL MANAGEMENT, DISASTER RELIEF AND SHIPMENT/BAGGAGE 
SCREENING 
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor  
Department of Operations Research 
Sponsor: Department of Homeland Security 
 
OBJECTIVES: To develop and utilize models and software to explain and justify the extra asset and 
personnel requirements imposed by new threats, and to provide ways of evaluating new proposed sensors, 
strategies, tactics, and concepts of operation (CONOPS) for combating a variety of threats and/or natural 
disasters. 
 
SUMMARY: Models were developed to study procedures for the allocation of resources to combat a 




Gaver, D.P. and Jacobs, P.A., “Some Operations Research (and/or Statistics and Mathematical Modeling) 
Problems in Homeland Defence,” Department of Management, University of Canterbury, Christchurch, 
New Zealand, 18 February 2004. 
 
Gaver, D.P. and Jacobs, P.A., “Some Operations Research (and/or Statistics and Mathematical Modeling) 
Problems in Homeland Defence,” Department of Engineering Science, University of Auckland, New 
Zealand, 16 February 2004. 
 
Gaver, D.P. and Jacobs, P.A., “The Uncertain Time-Critical Tasking Probability with Long-Tailed 
Demand,” Canadian Operational Research Society (CORS)/Institute for Operations Research and the 




Gaver, D.P., Jacobs, P.A., Bullock, G., and Simons, R., “Models for Transmission and Control of 




Bullock, G. and Simons, R., Epidemic Simulation, JAVA Applet, http:// 





Gaver, D.P. and Jacobs, P.A., “A Model for an Epidemic with Vaccination, Tracing and Publicity,” 
Working Paper, February 2004. 
 
Gaver, D.P. and Jacobs, P.A., “Planning Service to Provide Disaster Relief: Generic Command and Control 
Models,” report in progress. 
 
Gaver, D.P., Jacobs, P.A., and Pilnick, S.E., “Small Worlds by Design,” report in progress. 
 
DoD KEY TECHNOLOGY AREAS: Biomedical, Human Systems Interface, Environmental Quality 
 
KEYWORDS: Service Systems, First Responders, Homeland Security 
 
 
SYSTEM OF STUDY OF THE JOINT PERSONNEL RECOVERY AGENCY (JPRA) MISSION  
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor 
Department of Operations Research 
Sponsor: Joint Personnel Recovery Agency 
 
OBJECTIVES: To develop and utilize models and software to assist decision makers in the planning of 
personnel recovery missions. 
 
SUMMARY: High-level-low-resolution models for the study of benefits and potential challenges of joint 




Gaver, D.P. and Jacobs, P.A., “Formulation of, and Modeling for, Joint Personnel Recovery Agency 
(JPRA) Management Problems,” Working Paper, December 2004. 
 
Gaver, D.P. and Jacobs, P.A., “Stochastic Models for Personnel Rescue, and Analogous Modern Military 
Situations,” Working Paper, September 2003. 
 
Gaver, D.P., Jacobs, P.A., and Glazebrook, K.D., “Loss Models with Specialized Servers, with Application 
to Joint Personnel Recovery,” Working Paper, August 2003. 
 
DoD KEY TECHNOLOGY AREAS: Human-System Interface, Modeling and Simulation  
 
KEYWORDS: Combat Models, Bayesian Perception Updating, Decision Analysis  
 
 
TRAINING AND RESEARCH SUPPORT FOR DIRECTOR, OPERATIONAL TEST AND 
EVALUATION 
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor  
Department of Operations Research 
Sponsors: Director, Operational Test and Evaluation and the Naval Postgraduate School 
 
OBJECTIVES: To develop training and reference material on a website and new methodology for 
operational testing use, emphasizing modeling and simulation. 
 
SUMMARY: Models for system development and reliability growth in evolutionary acquisition were 
developed and studied. 
 





Gaver, D.P., Jacobs, P.A., and Seglie, E., “Modern Military Evolutionary Acquisition and the 
Ramifications of RAMS,” Proceedings of 27th European Safety Reliability and Data Association 
Workshop, Glasgow, Scotland, 15-17 November 2004.  
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Stochastic Models for Reliability Risks in Evolutionary Spiral 
Acquisition,” Proceedings of the 4th International Conference in Mathematical Methods in Reliability, 




Gaver, D.P., Glazebrook, K.D., Jacobs, P.A., and Seglie, E., “Reliability Growth through Block Upgrade,” 
European Safety and Reliability Conference (ESREL) 2005, (invited paper accepted).  
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Modern Military Evolutionary Acquisition and the 
Ramifications of RAMS,” 27th European Safety Reliability and Data Association (ESReDA) Seminar, 
Glasgow, Scotland, 15-18 November 2004, (invited). 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Modern Military Evolutionary Acquisition and Reliability 
Growth,” National Academy of Sciences Workshop, Washington, D.C., 12-13 December 2004, (invited). 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Opportunities at the Statistics-Operations Research Interface,” 
National Science Foundation (NSF) Sponsored Workshop, Santa Fe, NM, 10-12 January 2004, (invited). 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Probabilistic and Statistical Challenges in the Design and 
Operations of New (Military) Systems,” Seminar, Department of Mathematics, University of Ireland at 
Galway, 4 November 2004. 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Stochastic Models for Reliability Risks in Evolutionary Spiral 
Acquisition,” 4th International Conference in Mathematical Methods in Reliability, Santa Fe, NM, 21-25 
June 2004, (invited). 
 
CONTRIBUTION TO BOOKS: 
 
Gaver, D.P., Statistics and Operations Research: Opportunities at the Interface, S.M. Robinson (Ed.), 
January 2005. 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., Stochastic Models for Reliability Risks in Evolutionary Spiral 




Gaver, D.P., Operational Test and Evaluation web site. 
 
Membership on IPT for updating the Reliability, Availability Maintainability (RAM) primer. 
 
Reviewers of the updated Reliability, Availability, Maintainability (RAM) primer. 
 
DoD KEY TECHNOLOGY AREAS: Human-System Interface, Modeling and Simulation  
 




GLOBAL HAWK MARITIME DEMONSTRATION CONCEPT OF OPERATIONS  
(CONOPS) DEVELOPMENT 




Department of Operations Research 




Thomas Hoivik, Senior Lecturer 
Department of Operations Research  
Sponsor: Naval Postgraduate School 
 
 
APPLY OPERATIONS ANALYSIS TO FORCENET (FN) DESIGN AND OPERATION 
Patricia A. Jacobs, Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Applied mathematical and computational methods of operations research (differential, 
difference, probabilistic equations and simple point event stochastic simulations) to analyze the 
performance of alternative FORCEnet architecture. Determined tendencies for saturation and susceptibility 
to opponent deception and jamming.  
 
KEYWORDS: Global Hawk, CONOPS, TEMASEK, FORCENET 
 
 
CHAIR OF WARFARE INNOVATION FOR SEA TRIAL EXPERIMENTATION, ANALYSIS 
AND RESEARCH INITIATIVES 
CAPT Jeffrey E. Kline, USN, Military Faculty  
Department of Operations Research 
Sponsor: Naval Warfare Development Command 
 
SUMMARY: Funding in accordance with a Memorandum of Understanding (MOU) between the Naval 
Warfare Development Command (NWDC) and the Naval Postgraduate School, creating a Chair of Warfare 
Innovation to support thesis work related to development and experimentation in warfare innovation. 
 
KEYWORDS: Sea Trial Experimentation 
 
 
NAVAL POSTGRADUATE SCHOOL STATISTICAL SUPPORT FOR COST ANALYSIS 
IMPROVEMENT GROUP (CAIG) 
Robert A. Koyak, Associate Professor 
Department of Operations Research  
Sponsor: Office of the Secretary of Defense, Program Analysis and Evaluation Branch, Cost Analysis 
Improvement Group (CAIG) 
 
OBJECTIVES: To support the Chair of Cost Analysis at the Naval Postgraduate School (NPS) (under 
Office of the Secretary of Defense (OSD) sponsorship), and to support student and faculty research in cost 
analysis. 
 
SUMMARY: The Program Analysis and Evaluation (PA&E) branch of OSD entered into a memorandum 
of understanding (MOU) with the superintendent of NPS to institute and maintain a chair of cost analysis at 
NPS. Professor Koyak was designated as chairman and continued in this position in 2004. The function of 
the chairman is to promote research in cost analysis at NPS among both students and faculty. In June 2004, 
Australian Army Major Roger Grose finished his master’s thesis on a topic related to cost analysis, with the 
support of OSD PA&E through the chair. In November 2004, a paper related to this work was submitted 
for publication to an operations research journal, and was accepted for presentation at the 38th annual DoD 







Brown, G.G., Grose, R.T., and Koyak, R.A., “Scheduling a Long-Term, High-Technology, High-Risk 
Project with Task Durations and Costs that May Increase Over Time,” Military Operations Research 




Grose, R.T., “Cost-Constrained Project Scheduling with Task Durations and Cost that May Increase Over 
Time: Demonstrated with the U.S. Army Future Combat Systems,” Master’s Thesis, Naval Postgraduate 
School, June 2004. 
 
KEYWORDS: Cost Estimation, Acquisition, Evaluation 
 
 
MODELING SENSOR DETECTION OF SUICIDE BOMBERS 
Moshe Kress, Professor 
Department of Operations Research 
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: Developed and implemented mathematical models and methods for evaluating the 
effectiveness of various mixes of sensors in scenario-dependent suicide-bomb events. 
 
KEYWORDS: Suicide Bomb, Sensor Detection 
 
POLICY AND OPERATIONAL ISSUES IN BIODEFENSE LOGISTICS 
Moshe Kress, Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Developed and implemented mathematical models and methods for evaluating scenario-
dependent alternative policies for responding to bioattack on the general population. The goal of the second 
year research project was to expand and extend the results of the first year's research. In particular, the 
expanded models addressed population mobility, travel control, behavioral effects of the population and 
“peripheral effects,” such as how well other goods and services are supplied during the vaccination process. 
 
KEYWORDS: Biodefense Logistics 
 
 
DECISION MAKING UNDER UNCERTAINTY WITH MILITARY APPLICATIONS 
Kyle Y. Lin, Assistant Professor 
Department of Operations Research  
Sponsor: Naval Postgraduate School 
 
OBJECTIVES: This two-year research project seeks to apply mathematical tools to help make better 
decisions when the outcome of a decision involves chances. The project contains three parts: (1) 
transmission energy management, (2) joint control for inventory replenishment and dispatch, and (3) 
counter-terrorism and homeland security problems. This project started in October 1 2004, and will 
continue for two years. 
 
SUMMARY: This project contains three parts. The first part develops the optimal transmission policy for 
an energy-constrained transmitter, which has applications in sensors, electronics, and electronic warfare. 
The second part investigates joint control for inventory replenishment and dispatch, which has applications 
in military supply chain and logistics management. The last part explores and identifies research problems 







Lin, K.Y. and Wei, “Optimal Transmission Energy Management for a Wireless Transmitter,” Working 
paper. 
 




DESIGNING SIMULATION EXPERIMENTS TO SUPPORT THE FUTURE COMBAT 
SYSTEMS' SYSTEM-OF-SYSTEMS SUPPORTABILITY STUDY 
Thomas W. Lucas, Associate Professor 
Department of Operations Research 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: Assisted the United States Army Training and Doctrine Command Analysis Center (TRAC) 
in supporting an Army Material Systems Analysis Activity (AMSAA)-led study on the number of various 
future combat systems (FCS) vehicles that are necessary to meet supportability metric requirements. 
Specifically, input variable settings for use in combined Army and Support Task Force evaluation model 
(CASTFOREM) simulation runs were recommended. 
 
KEYWORDS: Simulation Experiments, Combat Systems 
 
 
EXPLORING COMMAND AND CONTROL ISSUES IN NETWORKED FORCES 
Thomas W. Lucas, Associate Professor 
Susan Sanchez, Professor 
Department of Operations Research 
Sponsor: U.S. Marine Corps Warfighting Laboratory 
 
OBJECTIVES: To conduct computational experiments to examine how a variety of command and control 
(C2) systems and processes may perform over a breadth of scenarios and conditions. 
 
SUMMARY: Nations around the globe are increasingly using information age technologies to transform 
the tools of warfare and the way in which fighting forces are organized and employed. The ability of 
networked forces to act rapidly and decisively on that information will depend heavily on having the right 
command and control (C2) systems and processes. Of course, what is right will undoubtedly be affected by 
the mission, enemy, terrain, and many more factors - that is, forces will have to adapt to the situation. 
Furthermore, as with all revolutionary changes in military capabilities, there are many lessons to learn. The 
learning process is complicated since a vast number of elements can affect warfare - not the least of which 
are uncertainty (both on the battlefield and about the future) and intangible human factors. To enhance 
understanding of C2 systems in networked forces, researchers continued a multi-year effort to develop 
experimental designs and a supporting infrastructure, and conducted computational experiments on a 




Baird, J.E., Paulo, E.P., Sanchez, S.M., and A.F. Crowder, “Measuring Information Gain in the Objective 
Force,” Military Operations Research, (under revision). 
 
Brown, L.P., Cioppa, T.M., and Lucas, T.W., “Agent-Based Simulations Supporting Military Analysis,” 
PHALANX, 37, No. 3, pp. 29-32, September 2004.  
 
Cioppa, T.M. and Lucas, T.W., “Efficient Nearly Orthogonal and Space-filling Latin Hypercubes,” 





Kleijnen, J.P.C., Sanchez, S.M., Lucas, T.W., and Cioppa, T.M., “A User’s Guide to the Brave New World 
of Designing Simulation Experiments,” Institute for Operations Research and the Management Sciences 
(INFORMS) Journal on Computing, (accepted). 
 
Wolf, E.S., Sanchez, S.M., Goerger, N.C., and Brown, L.P., “Using Agents to Model Logistics,” Military 




Allen, T.E., Buss, A.H., and Sanchez, S.M., “Assessing Obstacle Location in the REMUS Unmanned 
Underwater Vehicle,” Proceedings of the 2004 Winter Simulation Conference, R.G. Ingalls, M.D. Rossetti, 
J.S. Smith, and B.A. Peters (Eds.), Piscataway, NJ: Institute of Electrical and Electronic Engineers, pp. 
940-948, 2004. 
 
Cioppa, T.M., Lucas, T.W., and Sanchez, S.M., “Military Applications of Agent-based Simulations,” 
Proceedings of the 2004 Winter Simulation Conference, R.G. Ingalls, M.D. Rossetti, J.S. Smith, and B.A. 




Allen, T.E., Buss, A.H., and Sanchez, S.M., “Assessing Obstacle Location in the REMUS Unmanned 
Underwater Vehicle,” 2004 Winter Simulation Conference, Washington, D.C., December 2004.  
 
Cioppa, T.M., Lucas, T.W., and Sanchez, S.M., “Military Applications of Agent-based Simulation,” 2004 
Winter Simulation Conference, Washington, D.C., December 2004.  
 
Lucas, T.W., “Data Farming: Accidental VV&A,” Military Operations Research Society Symposium, 
Naval Postgraduate School, 22-24 June 2004.  
 
Lucas, T.W. and Cioppa, T.M., “Agent-Based Simulations Supporting Military Analyses,” Institute for 
Operations Research and the Management Sciences (INFORMS) Annual Meeting, Denver, CO, October 
2004.  
 
Raffetto, M., “Unmanned Aerial Vehicle Contributions to Intelligence, Surveillance, and Reconnaissance 
Missions for Expeditionary Operations,” Military Operations Research Society Symposium, Naval 
Postgraduate School, 22-24 June 2004.  
 
Sanchez, S.M., “Simulation Experiments: Past, Present, and Future,” Operations Research Department 
Seminar Series, University of Berkeley, CA, 9 May 2004. 
 
Sanchez, S.M. and Lucas, T.W., “Experimental Design and Analysis in the Data Farming Environment,” 
Project Albert 9th International Workshop, Wellington, New Zealand, November 2004.  
 
Sanchez, S.M. and Lucas, T.W., “Experimental Design and Analysis in the Data Farming Environment,” 
Project Albert 8th International Workshop, Singapore, 18-23 April 2004.  
 
Sanchez, S.M., Lucas, T.W., Widdowson, B., “Data Farming: Accidental VV&A,” Institute for Operations 
Research and the Management Sciences (INFORMS) Annual Meeting, Denver, CO, October 2004.  
 
Sanchez, S.M. and Schwarz, G., “Modeling Peace Support Operations,” Institute for Operations Research 
and the Management Sciences (INFORMS) Annual Meeting, Denver, CO, October 2004.  
 
Steele, M.J., Sanchez, S.M., and Gottfried, R., “Agent-Based Simulation of Unmanned Surface Vehicles: A 
Force in the Fleet,” Military Operations Research Society Symposium, Naval Postgraduate School, 22-24 







Allen, T.E., “An Analysis of the Navigational Accuracy of the REMUS Autonomous Underwater Vehicle,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Aydin, M., “An Exploratory Analysis of Village Search Operations,” Master’s Thesis, Naval Postgraduate 
School, June 2004. 
 
Berner, A.B., “The Effective Use of Multiple Unmanned Aerial Vehicles in Surface Search and Control,” 
Master’s Thesis, Naval Postgraduate School, December 2004. 
 
Cason, R.K., “An Analysis of the Use of Unmanned Aerial Vehicles in Small Unit Defensive Operations in 
Urban Environments,” Master’s Thesis, Naval Postgraduate School, September 2004. 
 
Hakola, M.B., “An Exploratory Analysis of Convoy Protection Using Agent-Based Simulation,” Master’s 
Thesis, Naval Postgraduate School, June 2004. 
 
Lindquist, J.P., “An Analysis of Degraded Communications in the Army’s Future Force,” Master’s Thesis, 
Naval Postgraduate School, June 2004.  
 
Milton, R., “Using Agent-based Modeling to Examine the Logistical Chain of the Seabase,” Master’s 
Thesis, Naval Postgraduate School, March 2004. 
 
Raffetto, M., “Unmanned Aerial Vehicle Contributions to Intelligence, Surveillance, and Reconnaissance 
Missions for Expeditionary Operations,” Master’s Thesis, Naval Postgraduate School, September 2004. 
 
Steele, M.J., “Agent-Based Simulation of Unmanned Surface Vehicles: A Force in the Fleet,” Master’s 
Thesis, Naval Postgraduate School, June 2004. 
 
Tan, P., “The Impact of Martial Law on a Representative Iraqi Town,” Master’s Thesis, Naval Postgraduate 
School, December 2004. 
 
KEYWORDS: Modeling and Simulation, Command and Control, Networked Forces, Design of 
Experiments, Agent-based Models 
 
 
THE VALUE OF INFORMATION, MILITARY DECISION-MAKING AND ANALYSIS OF 
COMBAT DATA 
Thomas W. Lucas, Associate Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
OBJECTIVES: To attempt to validate models and look for invariant trends in data sets on historical 
battles. Use simple models and exploratory analysis to support decision-making and search for insights on 
the value of information. 
 
SUMMARY: This research explored the validation of Lanchester equations as models of the attrition 
process for the Battle of Kursk in World War II. Also, CAA’s CDB90G data set, which contains about 140 
attributes on nearly 660 land battles was used to investigate which factors, over time, are associated with 
victory. In addition, simple models were used to determine the effects of varying levels of information. 




Lucas, T.W. and Dinges, J.A., “Considering Force Engagement Levels in Fitting Lanchester Equations to 





Lucas, T.W. and Turkes, T., “Fitting Lanchester Equations to the Battles of Kursk and Ardennes,” Naval 




Haug, K.G, “Using Hughes' Salvo Model to Examine Ship Characteristics in Surface Warfare,” Master’s 
Thesis, Naval Postgraduate School, September 2004. 
 
KEYWORDS: Historical Battle Data, Lanchester Equations, Naval Surface Warfare 
 
 
INTEGRATION OF HOMELAND OPERATION PLANNING SYSTEM (HOPS) INTO THE 
NAVAL POSTGRADUATE SCHOOL HOMELAND SECURITY CURRICULUM 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: Department of Homeland Security 
 
SUMMARY: The Naval Postgraduate School MOVES Institute (Modeling, Virtual Environments, and 
Simulation), in partnership with Lawrence Livermore National Labs (LLNL), performed research and 
development to integrate the LLNL homeland operation planning system (HOPS) into the NPS homeland 
security curriculum. HOPS provided a web-based information access and analysis capability supporting 
instructional objectives of the curriculum, as well as promoting faculty and student research endeavors 
addressing the challenges of asymmetric threats, infrastructure vulnerability and protection, multi-agency 
coordination, and information technology. 
 
KEYWORDS: Homeland Operation Planning System, Lawrence Livermore, MOVES Institute 
 
 
NATIONAL MARITIME DOMAIN PROTECTION MODELING AND GAMING LABORATORY 
LTC Saverio M. Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Worked with the systems engineering and design effort, coordinated with the Naval 
Postgraduate School's current Secure Transaction Battle Lab (STBL) researchers and administrators, and 
obtained needs from major stakeholders to create a national maritime domain protection modeling and 
gaming laboratory. 
 
KEYWORDS: National Maritime Doman Protection, Games, Gaming, Secure Transaction Battle Lab 
 
 
SIGNALS INTELLIGENCE (SIGINT) DATA INFORMATION OVERLOAD 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVES: To optimize the visual display of information from diverse sources into a comprehensible 
and easily integrated display, which optimizes user interface and allows for the rapid and accurate 
evaluation and comprehension of large and often diverse information from input systems. 
  
KEYWORDS: Signals Intelligence, SIGINT 
 
HIGH SPEED VESSEL (HSV) MOTION AND FATIGUE ANALYSIS 
Michael E. McCauley, Research Professor 




Department of Operations Research 
Sponsors: Naval Sea Systems Command (PMS 501), Naval Surface Warfare Center - Panama City 
 
SUMMARY: Analysis of High Speed Vessel (HSV) motion effects on crew performance. Areas of 
investigation focused on motion sickness incidence of military passengers (troops) and interruption of crew 
job performance by slamming. Dr. Miller investigated possible motion effects on sleep loss.  
 
KEYWORDS : High Speed Vessel, Motion, Fatigue 
 
 
HIGH SPEED VESSEL (HSV) MOTION INDUCED INTERRUPTIONS: A PROBLEM FOR 
HIGH SPEED OPERATIONS? 
Michael E. McCauley, Research Professor 
Department of Operations Research 
Sponsors: Naval Sea Systems Command (PMS 501) and  
Naval Surface Warfare Center - Panama City 
 
SUMMARY: Preliminary data indicated severe slamming and “Motion Induced Interruption” of task 
performance during an Atlantic transit of the High Speed Vessel-2 (HSV-2). This project investigated this 
phenomenon more closely to determine potential operational impacts and the environmental and 
operational conditions that contribute to motion induced interruption (MIIs). 
 
KEYWORDS : High Speed Vessel, Motion, Interruptions 
 
 
HUMAN SYSTEMS INTEGRATION AND AUTOMATION ISSUES IN SMALL UNMANNED 
AERIAL VEHICLES  
Michael E. McCauley, Research Professor 
Department of Operations Research 
Sponsors: Army/National Aeronautics and Space Administration Rotorcraft Division, National 
Aeronautics and Space Administration - Ames Research Center 
  
SUMMARY: Identified key human systems integration (HSI) issues in the operation of Small Unmanned 
Aerial Vehicles (SUAVs), based on observation of operations at Camp Roberts and other sources of 
information. Current systems have a poor manning and logistical load. Recommendations for improvement 




McCauley, E. and Matsagas, P., “Human Systems Integration and Automation Issues in Small Unmanned 
Aerial Vehicles,” Naval Postgraduate School Technical Report, NPS-OR-04-008, October 2004. 
 
KEYWORDS: AUVs, Unmanned Aerial Vehicles, Human Systems Integration, Automation 
 
 
MOTION IN ARMY ROTORCRAFT SIMULATION AND TRAINING 
Michael E. McCauley, Research Professor 
Department of Operations Research 
Sponsor: Army Research Institute, Rotary Wing Aviation Research Unit 
 
SUMMARY: Literature review of the scientific evidence for and against motion bases in flight simulators. 
Similar analyses included review of a proposed research plan for the investigation of the effectiveness of 
motion platforms in rotorcraft pilot training.  
 




PROCESS TRACKING OF INFORMATION IN A FUTURE COMBAT SYSTEM COMMAND 
AND CONTROL (FCS C2) ENVIRONMENT 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: Provided support to the Defense Advanced Research Projects Agency (DARPA) future 
combat system command and control environment (FCS C2) experiment team to assist them in their 
analysis of describing the flow of data elements through the C2 system.  
 
KEYWORDS: Process Tracking, FCS C2, DARPA 
 
 
PROCESS TRACKING OF INFORMATION FLOW IN A FUTURE COMBAT SYSTEM 
COMMAND AND CONTROL (FCS C2) ENVIRONMENT 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: Applied cognitive and behavioral research methodologies in the analysis of situation 
awareness within a future combat system command and control environment (FCS C2). The team members 
designed data collection methods, led the data collection effort for human situation awareness, and 
analyzed data collected from both technological and human systems. Personnel provided support to the 
Defense Advanced Research Projects Agency (DARPA) FCS C2 experiment team to integrate the situation 
awareness data into the larger data analysis effort. 
  
KEYWORDS: Process Tracking, FCS C2, DARPA 
 
 
TRACKING THE FLOW OF INFORMATION IN A DYNAMIC COMMAND AND CONTROL  
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Army Research Laboratory 
 
SUMMARY: Continued the development of the dynamic model of situated cognition and associated 
metrics. The model, developed by Miller and Shattuck in 2002, is an innovative approach in which 
technological and human components of complex systems are combined. This model facilitates the analysis 
of system activities as data flow. 
  
KEYWORDS: Dynamic Command and Control, Information Control 
 
 
UNITED STATES MILITARY ACADEMY CADET SLEEP STUDY 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: U.S. Military Academy 
 
SUMMARY: Examined the sleep patterns of U.S. Military Academy cadets during their course of training 
and study at the United States Military Academy. This effort was the first year of a four-year longitudinal 
study that examines sleep in this adolescent and young adult population. 
 
KEYWORDS: USMA, Cadet, Sleep Study 
 
 
UV AND NETWORK EXPERIMENTATION 




Department of Operations Research  
Sponsor: Naval Postgraduate School 
 
 
DEPARTMENT OF THE NAVY COST AND ANALYSIS (DE/A) COMMUNITY STUDY 
Daniel Nussbaum, Visiting Professor 
Department of Operations Research 
Sponsor: Office of the Assistant Secretary of the Navy  
 
 
KNOWLEDGE MANAGEMENT STUDY 
Daniel Nussbaum, Visiting Professor 
Department of Operations Research 
Sponsor: Naval Engineering Logistics Office  
 
 
RECOMMENDATIONS FOR IMPROVING SIGNALS INTELLIGENCE (SIGINT) TACTICAL 
DISPLAYS 
Rita Painter, Cryptologic PM/SSC-SD Liaison 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Supported student and faculty research into improving signals intelligence (SIGINT) tactical 
displays. 
 
KEYWORDS: UV Network Experimentation, Cost Analysis, DE/A 
 
 
DYNAMIC RE-ALLOCATION OF STRIKE ASSETS 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Space and Naval Warfare Systems Command (SPAWAR)-San Diego is developing the 
Real-Time Execution Decision Support System (REDS). Within the system, SPAWAR envisions a 
mathematical model for composing strike packages from available assets and allocating those packages to 
targets.  
 
KEYWORDS: Dynamic Reallocation, Strike Assets 
 
 
DYNAMIC RE-ALLOCATION OF STRIKE ASSETS 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Office of Naval Research 
 
SUMMARY: The Space and Naval Warfare Systems Command (SPAWAR) is developing the Real-Time 
Execution Decision Support System (REDS). Within the system, SPAWAR envisions a mathematical 
model for composing strike packages from available assets and allocating those packages to targets. This 
research  continued a Naval Postgraduate School (NPS) research project in support of SPAWAR. Previous 
research resulted in the development of integer programming optimization models that can be used for 
designing and assigning strike packages in both static and dynamic contexts. These models contain a 
persistence feature to encourage optimal solutions to conform to recommendations made in previous runs 
of the model. Subsequent work will focus on tactical evaluation of the models, speeding up solution times, 
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DYNAMIC RE-ALLOCATION OF STRIKE ASSETS (SUPPLEMENT 1) 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
 
MEDICAL MODELING FOR THE ARMY 
Richard E. Rosenthal, Professor 
Moshe Kress, Professor 
Department of Operations Research 
Sponsor: MCSS-GSS 
 
SUMMARY: Provided medical modeling for the Army. 
 
KEYWORDS: Medical, Army 
 
 
OPTIMIZING TOMAHAWK LAND ATTACK PREDESIGNATION 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Naval Surface Warfare Center - Dahlgren Division 
 
SUMMARY: Continued to improve the design, development and testing of procedures with which the 
U.S. Navy fleet can allocate targets requiring land-attack missiles to specific surface ships and submarines. 
The objective was to meet the tasking requirements as closely as possible, while simultaneously 
considering factors such as retaining maximal follow-on firing capability and leveling missile allocation 
across designated platforms. In previous years of this project, heuristic optimization methods were 
developed to accurately represent and solve decision problems faced by Tomahawk strike coordinators at 
the ship, battle-group or theater level. These methods were tested and their implementation in the fleet is in 
progress. In the proposed research, exact optimization methods and their employment for generating 
pareto-optimal surfaces for the multi-objective problem were explored. 
 
 
OPTIMIZING ELECTRIC GRID DESIGN UNDER ASYMMETRIC THREAT 
Javier Salmeron, Research Assistant Professor 
Department of Operations Research 
Sponsor: Department of Homeland Security 
 
SUMMARY: Extended the research initiated in fiscal year 2002 to develop mathematical models and 
optimization techniques for improving the security of electrical power grids in the U.S. that are subject to 
terrorist attacks and natural disasters. This work refined and extended recently developed models and 
algorithms that can identify critical system components, which may include transmission lines, generators, 
transformers, etc. In particular, researchers developed models with time-phased repairs for a more accurate 
representation of the cost of disruptions, studied various solution techniques for solving the models, and 
extended the models for optimal retrofit or expansion of existing systems to maximize security, subject to 




DETAILED LOGISTICS MODELING 
David A. Schrady, Distinguished Professor 
Department of Operations Research 




Department of Systems Engineering 
Sponsor: Office of the Chief of Naval Operations, Assessment Division, N81 
 
OBJECTIVES: To conduct detailed logistics modeling support to the Chief of Naval Operations 
(OPNAV) staff through the Director, Assessment Division (N81). The Naval Postgraduate School (NPS) 
will conduct analysis of logistics, sea basing and other related phenomena that have an effect on the 
capabilities outlined in Sea Power 21. The data and results will be made available for future use by 
N81/N00X to support quick turn analysis by the Chief of Naval Operations (CNO).  
   
SUMMARY: JELO is an Excel spreadsheet model of joint expeditionary logistics operations and allows 
end-to-end analysis of the options for closing forces from the continental U.S. (CONUS), through the sea 
base, to objectives ashore. Sustainment operations are included. The model is flexible and, while the 
examples in the report involve the 2015 Marine Expeditionary Brigade, all model parameters may be user 
specified. The Maritime Prepositioning Force (Future) (MPF[F]) is the subject of current discussion and 
analysis to determine what its capabilities and capacities need to be. Additionally, there are potentially 
other platforms to build in order to make Sea Basing a reality – high-speed connectors, assault connectors, 
and rapid strategic lift ships. JELO can be of use in evaluating the alternatives. The research was briefed to 
N81 staff in September 2004 and a final report was submitted in October 2004.  
 
DoD KEY TECHNOLOGY AREA: Modeling and Simulation 
 
KEYWORDS: Sea Basing, Logistics, Expeditionary Warfare 
 
 
EXACT CONDITIONAL ASYMPTOTICS OF LARGE DEVIATIONS IN R^D 
Roberto Szechtman, Assistant Professor 
Department of Operations Research  
Sponsor: Naval Postgraduate School 
 
AIM DEVELOPMENT 
Alan R. Washburn, Professor 
Department of Operations Research 
Sponsor: Naval Supply Systems Command  
 
SUMMARY: The primary goal was to develop and deliver an optimization-based ordnance programming 
decision support model that provides the most effective Department of the Navy combat capability, as 
measured by degree of achievement of non-nuclear ordance requirements (NNOR) inventory levers. 
Ordnance programming recommendations were constrained by industrial base capacity and capability, and 
included time-phased recommendations on how much funding should be provided to the various ordnance 
units. 
 AIM's inputs included present stockpiles of complete weapons and contracted deliveries. The model 
achieved an equitable distribution of funding over weapon types, with “equity” being measured in a tiered 
system that depends on the four NNOR requirements categories: total training requirement (TTR), current 
operations/forward presence requirements (CO/FPR), combat requirement (CR), and strategic reserve 
requirement (SRR). These four categories can be mapped onto other categories such as initial response, 
surge, sustainment and reconstitution. 
 Only complete weapons were considered in the initial version of AIM. Technology insertion and parts 




Alan R. Washburn, Professor 
Department of Operations Research 






MODELING AND SIMULATION (M&S) FUSION WORKSHOP 
Alan R. Washburn, Professor 
Department of Operations Research 
Sponsor: TRADOC Analysis Command 
 
 
INTEGRATED MECHANICAL DIAGNOSTICS HEALTH AND USAGE MANAGEMENT 
SYSTEM (IMD HUMS) MECHANICAL DIAGNOSTICS 
Lyn R. Whitaker, Associate Professor 
Department of Operations Research 
Sponsor: Goodrich Corporation 
 
 
MEASURING THE EFFECTIVENESS OF TECHNICAL SERVICES 
Lyn R. Whitaker, Associate Professor 
Samuel Buttrey, Associate Professor 
R. Koyak, Associate Professor 
Department of Operations Research 
Sponsor: Naval Air Systems Command  
 
 
MEASURING THE EFFECTIVENESS OF TECHNICAL SERVICES 
Lyn R. Whitaker, Associate Professor 
Samuel E. Buttrey, Associate Professor  
R. Koyak, Associate Professor 
Department of Operations Research 
Sponsor: Naval Air Technical Data and Engineering Service Command  
 
SUMMARY: Performed a study comparing technical representative usage of E2 squadrons at Pt. Mugu, 
California, and Norfolk, Virginia. This initial investigation laid the foundation for developing a service 
utilization model which would be used to set priorities for disseminating technical services. 
 
 
NAVAL POSTGRADUATE SCHOOL (NPS) STATISTICAL SUPPORT FOR YUMA TEST 
CENTER 
Lyn R. Whitaker, Associate Professor 
Department of Operations Research 
Sponsor: Yuma Proving Ground 
 
SUMMARY: Provided statistical support for the U.S. Army Yuma Test Center involving its testing of 
sighting systems used in Army helicopters. Research encompassed statistical modeling of data obtained 
from testing of these sighting systems. 
 
 
TECHNICAL SUPPORT FOR OPERATIONS RESEARCH, MODELING AND SIMULATION 
R. Kevin Wood, Professor 
L. Williams, Research Assistant Professor 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: National Security Agency 
 
SUMMARY: Provided technical advice and education to SL-2 staff, provided oversight and review for 
staff projects and contractor projects, developed optimization and simulation models, provided support for 
Naval Postgraduate School (NPS) student thesis tours to the National Security Agency (NSA) and provided 
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